Abstract Early menarche has been associated with adult overweight, cardiovascular risk factors, and other diseases. Little is known about the determinants of menarcheal age (MA). Therefore, the main aim of this study was to examine the associations between early life programming factors and menarcheal age in European adolescents. Secondly, the influence of sociodemographical factors on menarcheal age was also studied. A total of 1,069 European girls from the HELENA cross-sectional study, aged 12.5-17.5 years, were included in this study. Using multilevel linear regression models, a possible association between birth weight and length, ponderal index at birth, gestational age, duration of exclusive breastfeeding, and menarcheal age was examined. Associations between geographical gradient, number of siblings, physical activity (PA), dietary factors,
Introduction
Increasing evidence suggests that reproductive health might be determined by early life factors [10] . In Europe and the United States, menarcheal age (MA) has decreased at a rate of 2-3 months per decade since the nineteenth century, but has now stabilized at an age of 12.5 years [2] .
Early menarche has been associated with adult body mass index (BMI) and cardiovascular risk factors. Greater childhood BMI contributes to earlier menarche and, because of tracking, greater adult BMI and associated cardiovascular risk [9] .
Associations between MA and early life factors are still unclear. Hence, the aim of the present study was to examine the associations between early life factors and MA. Secondly, associations between current sociodemographic factors and MA were also examined.
Subjects and methods

Subjects
In this study, data from females (12.50-17.49 years) who participated in the HEalthy Lifestyle in Europe by Nutrition in Adolescence cross-sectional study (HELENA-CSS) was analyzed. All adolescents and their parents or guardians signed fully an informed written consent. A detailed description of the HELENA study has been published elsewhere [6] . Figure 1 illustrates the selection criteria for the final sample. The HELENA study was performed following the ethical guidelines of the Declaration of Helsinki, the Good Clinical Practice rules, and the legislation about clinical research in humans in each of the participating countries. In a self-reported questionnaire, girls were asked about their menarcheal status and year of onset of menarche [6] . Girls were left out of the analysis if they answered that they were menarcheal and did not fill in year of onset of menarche (0.2 %, Fig. 1 ) and also if they answered that they were premenarcheal and filled in year of onset of menarche (7.0 %, Fig. 1 ). MA was calculated by subtracting the year of onset of menarche from year of birth. To create a dichotomized variable, MA was categorized as either below median (≤12 year) or above median (>12 year). A median split was chosen to create more equal groups. A parental questionnaire was developed to collect information on the adolescent's birth weight and length, gestational age, and duration of breastfeeding. In the study sample, 4.6 % of the girls were born at <35 weeks (n=49); 62.0 % between 35-40 weeks (n=663) and 33.4 % at >40 weeks (n=357). Parents were asked about the duration of both breastfeeding and exclusive breastfeeding [6] . Ponderal index was calculated by dividing birth weight (in g) by the third power of birth length (in m   3 ). BMI z-score was derived using British 1990 Growth Reference Data from the Child Growth Foundation. Body fat (BF) percentage was calculated using Slaughter's equations. Subscapular to tricipital skinfold ratio was used as a surrogate marker of truncal BF and waist circumference (WC) as a surrogate marker of central adiposity [6] .
Total
Physical activity (PA) was assessed by accelerometry (Actigraph MTI) for seven consecutive days. An average of the time spent on moderate (2,000-3,999 counts) or vigorous (≥4,000 counts) PA was calculated in min/day [6] .
Dietary intake was assessed with two computer-based nonconsecutive 24-h recalls. Nutrient intakes were deduced from the consumed foods by applying the German food composition table. The usual dietary intake of nutrients and foods was estimated using the multiple source method, while correcting for age, gender, study center as well as an interaction term for age and gender [6] . Dietary factors were calculated in gram/day and as a percentage of energy intake.
Statistical analysis
Statistical analyses were done with SPSS for Windows version 19 (SPSS Inc., Chicago, IL, USA) (p<0.05). Independent samples T test and Mann-Whitney U test were used to compare main characteristics between adolescent girls with MA below and above median. Associations between MA and early life factors were examined with a linear regression in an extended model approach. First, analyses were performed without potential confounders (unadjusted model). Second, 
Results
In total, 1,069 adolescent girls, aged 12.5-17.5 years, were included. Mean age of menarche was 12.4 year (SD: 1.2), ranging from 8-16 years. In the study sample, 10.7 % of the girls were non-menarcheal (n=197) and 27.7 % of the girls attained menarche by age 12 (n=296). When analyzing PA and dietary factors, smaller samples were studied, respectively, 914 and 763 adolescent girls. Table 1 gives a description of the study population. Girls with MA above median had significantly lower BMI z-scores, BF percentage, truncal BF, and WC compared to girls with MA below median. There was no difference between the two groups of MA for birth weight and length, gestational age, ponderal index at birth, moderate and vigorous PA, energy intake, total protein intake, animal protein intake, vegetable protein intake, and total fat intake.
Early life factors and MA Table 2 presents multilevel linear regression statistics for early life programming factors and MA. MA was positively associated with birth weight in the unadjusted (p=0.03) and adjusted (p=0.01) model. MA was not significantly associated with birth length in the unadjusted model, but after adjustment, a positive association was observed (p=0.01). MA was not The unadjusted model does not correct for center. The adjusted model corrects for center and controls BMI z-scores and age of the adolescent a Analysis was performed with log-transformed data b +Controlling for birth weight (log-transformed) significantly associated with ponderal index at birth, gestational age, exclusive breastfeeding, and duration of exclusive breastfeeding in any of the studied regression models.
Sociodemographic factors and MA
MA was significantly associated with the geographical gradient (p = 0.02) in model 1. In model 2, this association remained, but was no longer significant (p=0.07). MA was not significantly associated with number of siblings (p=0.18), moderate and vigorous PA (p=0.35), energy intake (p=0.16), and with all nutrient intakes considered in separate analyses (model 1 and 2; data not shown).
Discussion
Although the factors that influence MA are still unclear, increasing evidence suggests that birth weight and length are positively associated with MA [8, 10, 11] . Similarly in our study, MA was positively associated with birth weight (independent of BMI z-scores and adolescent age) and birth length (dependent of BMI zscores and adolescent age). In contrast, Dos Santos Silva et al. [5] found an inverse relationship between birth weight and MA after controlling for growth in infancy, which disappeared after controlling for growth from 2-7 years. These different findings may be due to the use of different study protocols, statistical analyses, and age categories. In this study, the effect of birth weight remained of relevance for MA even after adjusting for BMI z-scores, while this was not the case for birth length. These findings partially contradict that MA may be set in utero, but can be modified by changes in body size and composition in childhood. Instead, it suggests that early life factors could influence the timing of puberty through a pathway other than the one that leads through increased fat mass [8] .
Consistent with the study of Ruder et al. [12] , this study did not find any association between gestational age and MA. Similar to Blell et al. [3] , we did not find an association between MA and the duration of any breastfeeding. However, Al-Sahab et al. [2] found a negative association between duration of exclusive breastfeeding and menarcheal timing.
Consistent with other studies [1, 4] , MA was not significantly associated with geographical gradient (adjusted model), number of siblings, PA, and the dietary factors. However, Günther et al. [7] found that a higher total and animal protein intake at 5-6 years was related to earlier menarche, and later menarche was related to a higher vegetable protein intake at 3-4 and 5-6 years.
Strengths and limitations of this study
Menarcheal status and age data were collected through a self-reported questionnaire, while birth characteristics were reported by parental questionnaire. Maternal recall of birth weight and gestational age were found to highly correlate with medical chart [10] . Recording data for dietary intake was also derived from self-reported questionnaires. Despite disadvantages of subjective methods, all aforementioned measurement questionnaires have previously been pilot tested and validated [6] .
Advantages of the present study are the availability of good quality data from the HELENA study and the relatively large sample from ten cities across Europe. A major strength of the HELENA study is the highly standardized procedures used and various quality control procedures followed to ensure collection of valid and reliable data [6] .
Conclusion
The results of the present study suggest that birth weight and length may have a programming effect on MA, while sociodemographic factors were not associated with MA. Given the possible associations between MA and adult disease risks, further studies are needed to examine these factors and their underlying mechanisms.
